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Bone histomorphology is an effective method for species identiﬁcation of fragmentary osseous remains.
The 1997e1998 excavations of the Kashiwadai 1 Upper Paleolithic site (ca. 22e20.5 kyBP) in Hokkaido
(the northern island of the Japanese Archipelago) yielded tiny bone fragments, which had been burned to
white and broken into pieces less than 1 cm in size, making their species identiﬁcation by gross
morphology alone impossible. For the purpose of species identiﬁcation, histomorphological analyses
were performed on thin sections of the Kashiwadai 1 bone fragments. Compact bone cross sections taken
from medium- to large-sized land mammals in the Pleistocene and Holocene Hokkaido were prepared
for comparison. The structures of the Kashiwadai 1 samples consisted of secondary osteons and plexi-
form bone. Consideration of the presence versus absence of plexiform bone and quantitative assessments
of osteon sizes and bone cortical thickness allows for distinction between medium-sized deer, large-
sized artiodactyls, small- to medium-sized carnivores, large-sized carnivores, elephants, and humans.
The histomorphological characteristics of the Kashiwadai 1 samples were quite similar to those of both
sika deer and ancient sika deer. A probable conclusion is that medium-sized deer was the primary game
hunted by Paleolithic people at the Kashiwadai 1 site. Interestingly, the samples did not include elephant
or large-sized artiodactyls, which were the predominant species in other Paleolithic sites of the Japanese
Archipelago. This is the ﬁrst evidence of human hunting medium-sized animals in the Upper Paleolithic
period of the Japanese Archipelago based on faunal remains.
 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Species identiﬁcation of archaeological faunal remains is one of
most fundamental approaches to clarify issues regarding hunting,
food resources, faunal settings, and various matters associated with
animal use among ancient people. However, many sites are located
in environments unsuitable for bone preservation and thus yield no
bones. Even if bones still survived, they were often transformed
into tiny fragments, making it difﬁcult to identify their taxonomic
attribution by gross anatomical investigation (Lyman, 1994).
Although DNA analysis and immune response analysis are some-
times valid for species identiﬁcation of bones (Bataille et al., 1999;
Bellis et al., 2003), application of these chemical methods is-in-Aid for Scientiﬁc Research
romotion of Science.
: þ81 44 976 3740.
ada).
Ltd. This is an open access article ugenerally difﬁcult if bones are ancient, burned, and broken into
small pieces. Bone histomorphology would be effective for analysis
of such fragmentary osseous remains.
Here, we present a study of the histomorphological species
identiﬁcation of tiny, burned bone fragments from the Kashiwadai
1 Upper Paleolithic site in the northern Japanese Archipelago.
Considering that the Archipelago consists of few Paleolithic sites
that contain animal remains, our study provides new insight into
the game animal use of the Late Pleistocene people in this region.1.1. Bone microstructure and histomorphological species
identiﬁcation
Compact bone microstructure varies among animals. Enlow and
Brown (1956, 1957, 1958) and Ricqlès (1975, 1976, 1977a, 1977b,
1978a, 1978b) described comparative anatomical observations
about bone histomorphological diversities of vertebrate animals.
Jowsey (1966) pointed to correlation between the sizes of thender the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Fig. 1. Locations of the Kashiwadai 1 site and the Paleolithic sites with Late Pleistocene
animal remains in the Japanese Archipelago.
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1958) and Currey (1960) showed that plexiform bone (also called
laminar bone) was commonly found in artiodactyls and perisso-
dactyls. Mulhern and Ubelaker (2001) noted a linear organization
of the secondary osteons named “osteon banding” in nonhuman
bones but not in human ones. Dittmann et al. (2006) reported
histomorphometric data for many types of mammalian and avian
compact bones. In comparative anatomical studies on hard tissues,
the presence versus absence of plexiform bone and osteon banding,
the sizes of secondary osteons and Haversian canals, and the ge-
ometry of bone structures are recognized as useful information to
distinguish between animal groups histologically (Greenlee and
Dunnell, 2010; Harsányi, 1993; Hillier and Bell, 2007;
Martiniaková et al., 2007).
The effectiveness of histomorphological methods for species
identiﬁcation, especially the distinction of human versus
nonhuman, has been positively appreciated in the ﬁeld of forensic
medicine (Cattaneo et al., 1999, 2009; Martiniaková et al., 2006).
Recently, there have been increasing numbers of both paleohisto-
logical studies on archaeological materials (Cuijpers, 2006;
Mulhern and Ubelaker, 2012; Nara and Sawada, 2007; Robbins
and Gray, 2011; Sawada et al., 2010; Walter et al., 2004). Mulhern
and Ubelaker (2012), which is an anthropological review on
comparative histological studies, concluded that the patterns or
sizes of bone structures at the microscopic level could sometimes
(if not always) be used to rule out human origin.
However, from a practical perspective, comparative histology of
hard tissues has not yet encompassed a wealth of fauna in various
regions of the world, and histomorphological species identiﬁcation
methods are still being systematically established (e.g., Locke,
2004; Mulhern and Ubelaker, 2012). The quantitative data on
osteon sizes in nonhuman samples are particularly insufﬁcient.
Since faunal assemblages vary widely by region and period, com-
parison animal specimens for analysis of archaeological materials
should be selected according to the local fauna of the area and time.
1.2. Paleolithic sites and animal remains in the Japanese
Archipelago
In the Japanese Archipelago, the Upper Paleolithic began ca. 40e
35 kyBP and ended ca. 15 kyBP (Ono et al., 2002; Tsutsumi, 2011).
This archipelago has more than 10,000 Upper Paleolithic sites
(JPRA, 2010); however, most of them are lacking bone remains
(Inada, 1998; Sawaura, 2012; Tsutsumi, 2011). The primary reasons
for this are: ﬁrst, the geological conditions of most Paleolithic sites
are acidic, loamy soils based on volcanic ejecta, which constitute a
large part of the surface accumulation of the Japanese Archipelago;
and second, the temperate, humid climate characteristic of
monsoon regions contributes to bacterially generated bone
decomposition (Inada, 1989; Sawaura, 2012). Several fossil local-
ities in limestone areas, lakebeds, and seas have yielded quaternary
mammal remains (Inada,1998; Iwase et al., 2011; Kawamura,1991),
although Paleolithic sites are seldom found in such locations.
In the main islands of the Japanese Archipelago, archaeological
animal remains of the Late Pleistocene were found in only four
Paleolithic sites: the Shitsukari-Abe cave site, Hanaizumi site,
Nojiriko-Tategahana lake site, and C-area of the Yoshioka site group
(Fig. 1). The Shitsukari-Abe cave site (ca. 20 kyBP) is located in a
limestone area and yielded many teeth fragments from hares
(Lepus sp.) and a small number from ﬂying squirrels (Petaurista
leucogenys), carnivores, and artiodactyls (species indeterminate), in
addition to several Paleolithic stone tools (Abe et al., 2011). The
lakebed sediments of the Nojiriko-Tategahana site (ca. 54 (?)e
38 kyBP) and peat layers of the Hanaizumi site (ca. 20 kyBP) con-
tained numerous mammal remains. The predominant species offaunal assemblages in these two archaeological sites were large
game mammals that went extinct before the Holocene, such as
Naumann’s elephant (Palaeoloxodon naumanni, from Nojiriko-
Tategahana and Hanaizumi), Yabe’s giant deer (Sinomegaceros
yabei, from Nojiriko-Tategahana and Hanaizumi) and bison (Bison
priscus, from Hanaizumi) (Inada, 1989; Matsumoto et al., 1959;
Nakamura and Sato, 2010; Nojiri-ko Excavation Research Group,
1994). Some research has related bone tools and cut-marked bones
to these large mammal remains (Kato, 1975; Norton et al., 2007,
2010; Ono, 2001). From the C-area of Yoshioka site group (ca.
20 kyBP), which is an open-air site in a series of loam deposits, only
a single deciduous molar from a wild boar (Sus scrofa) has been
procured (Kanagawa Archaeology Foundation, 1997).
The environments of the Shitsukari-Abe (limestone cave),
Hanaizumi (peat layers), and Nojiriko-Tategahana (lakebed sedi-
ments) locations are in peculiar contrast to those of most Paleolithic
sites on loamy soils in the Japanese Archipelago. The number of
Paleolithic sites that have yielded animal remains is too small to
discern the entire picture of hunting during this period. A dearth of
relevant information has prevented a satisfactory and compre-
hensive reconstruction of the uses of animal among Paleolithic
people. Conventionally fragile faunal remains have tended to be
neglected but should be investigated with a great deal of subtlety,
since most Paleolithic sites in the Japanese Archipelago do not
contain well-preserved bones.1.3. Tiny bone fragments from the Kashiwadai 1 Paleolithic site in
the northern Japanese Archipelago
The Kashiwadai 1 site is an open-air site on a low, hilly area of
loam located in Chitose City, which is in Hokkaido, the northern
island of the Japanese Archipelago (Fig. 1). From June to October,
1997 and fromMay to October, 1998, an area of 6300 m2 area at the
Kashiwadai 1 site was excavated by the Hokkaido Archaeological
Operations Center; the site yielded ﬁfteen ﬁreplaces, many Paleo-
lithic stone tools, a quantity of ﬂaking debris from stone tool
Fig. 2. Burned bone fragments from the Upper Paleolithic period procured from the
Kashiwadai 1 site.
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(Hokkaido Archaeological Operations Center, 1999). Burned bone
fragments were found in ﬁve different ﬁreplaces (Fireplaces Nos. 4,
9, 10, 11, and 13) associated with lithic concentrations of irregular
ﬂake industry. AMS results of carbonized materials from these
ﬁreplaces have dated them to ca. 22.6e20.4 kyBP (Table 1).
These bone fragments from ﬁreplaces were considered to be the
results of the Paleolithic human activity. They seemed to be
compact bones of medium- to large-sized landmammals. However,
they were burned to white and broken into small pieces, making
their species identiﬁcation by gross morphology alone impossible.
Microscopic observations and bone histomorphometry were ex-
pected to be effective for the purpose of species identiﬁcation of
bone fragments.
1.4. Goal of the present study
Species identiﬁcation of the Kashiwadai 1 bone fragments
would contribute to a reconstruction of the uses of animal among
Paleolithic people in the Japanese Archipelago. The purposes of the
present study are to (1) assess the methodological adequacy of
histomorphological species identiﬁcation; (2) specify the species of
burned bone fragments from the Kashiwadai 1 Paleolithic site using
qualitative and quantitative bone histomorphological methods;
and (3) provide a fresh perspective on the use of Paleolithic game
animals in the northern Japanese Archipelago.
2. Materials and methods
2.1. Bone samples of the Kashiwadai 1 site
Burned bone fragments from the Kashiwadai 1 sitewere seemed
to be bones of medium- to large-sized land mammals based on
their sizes and bony substance. The compact bones with lengths of
>5 mm were extracted for histomorphological analysis (Sample
IDs: KD1-4-11, KD1-9-8, KD1-9-11, KD1-10-2, KD1-10-7, KD1-11-3,Table 1
Bone samples of the Kashiwadai 1 site.
Sample ID Bone type State Size (length)
KD1-4-11 Compact bone Bunred 8.4 mm
KD1-9-8 Compact bone Bunred 5.2 mm
KD1-9-11 Compact bone Bunred 6.5 mm
KD1-10-2 Compact bone Bunred 5.6 mm
KD1-10-7 Compact bone Bunred 6.0 mm
KD1-11-3 Compact bone Bunred 5.1 mm
KD1-13-7 Compact bone Bunred 5.0 mm
KD1-13-8 Compact bone Bunred 5.1 mm
AMS results were quoted from Hokkaido Archaeological Operations Center (1999).KD1-13-7, and KD1-13-8; Table 1). These samples were embedded
in resin prepared by mixing Rigolac-2004 and Rigolac70F (NISSIN
EM) at a ratio of 7:3. After polymerization and hardening of the
resins, 50-mmethick cross sections were cut with a microtome (SP-
1600, Leica).
2.2. Animal specimens for comparison
The medium- to large-sized land mammals in the Pleistocene
and Holocene Hokkaido and were used for comparison: sika deer
(Cervus nippon, contemporary), ancient sika deer (Cervus prae-
nipponicus, Late Pleistocene), Yabe’s giant deer (Sinomegaceros
yabei, Late Pleistocene), cow (Bos taurus, contemporary), bison
(Bison bison, contemporary), hare (Leporidae gen. et sp. indet.,
contemporary), Japanese marten (Martes melampus, contempo-
rary), red fox (Vulpes vulpes, contemporary), raccoon dog (Nycter-
eutes procyonoides, contemporary), dog (Canis lupus,
contemporary), leopard (Panthera pardus, contemporary), brown
bear (Ursus arctos, contemporary), Asian elephant (Elephas max-
imus, contemporary), Naumann’s elephant (Palaeoloxodon cf. nau-
manni, Late Pleistocene), fossil elephant (Elephantidae gen. et sp.
indet., Late Pleistocene), and human (Homo sapiens, contemporary
and ancient) (Kawamura, 1991, 2007; Ohdachi et al., 2009), which
were in the collections of the St. Marianna University School of
Medicine, Tohoku University Museum, and Hanamaki Cultural
Center (Table 2).
Compact bone blocks were removed from the full thickness of
the anterior and/or posterior cortex of the midshaft of the humerus,
radius, femur, and tibia of the mammal specimens for comparison.
In case where limb bones were not available, the basal mandibular
cortex was utilized. More than one sample was prepared for each
species as much as possible. The total number of compact bone
blocks was 42; they were embedded in resin and cut into cross
sections by methods identical to those used for the Kashiwadai 1
samples.
2.3. Sample observation and qualitative approach
Bone cross-sections of the Kashiwadai 1 samples and specimens
for comparison were examined under an ordinary and polarized
light microscope (ImagerA1, Leica). For each of the samples, the
presence versus absence of the following qualitative histo-
morphological features was recorded: primary osteons, secondary
osteons, linear organization of osteons (osteon banding), and
plexiform bone. These features are known as efﬁcient indicators for
animal species identiﬁcation (Harsányi,1993; Hillier and Bell, 2007;
Mulhern and Ubelaker, 2001, 2012).
2.4. Bone histomorphometric approach
Images of the cross sections were digitally captured with a
CMOS camera (Go-5, QImaging) attached to a microscope andFireplace no. AMS 14C age of carbides from the ﬁreplace
4 22,340  170 BP
9 22,550  180 BP, 20,600  120 BP
9 22,550  180 BP, 20,600  120 BP
10 22,330  200 BP, 20,300  150 BP
10 22,330  200 BP, 20,300  150 BP
11 22,180  170 BP, 21,790  230 BP
13 21,000  100 BP, 20,410  700 BP
13 21,000  100 BP, 20,410  700 BP
Table 2
Specimens for comparison.
Taxon Number Sample ID, growing stage, sampling ﬁeld Depository
Medium size Artiodactyla
Sika deer (Cervus nippon) 9 Cervus02Ha (Subadult, Hum ant mid), Cervus03Ha (Subadult,
Hum ant mid), Cervus01Ra (Adult, Rad ant mid), Cervus01Fa
(Adult, Fem ant mid), Cervus05Fa (Subadult, Fem ant mid),
Cervus01Fp (Adult, Fem post mid), Cervus03Fp (Subadult,
Fem post mid), Cervus01Ta (Adult, Tib ant mid), Cervus04Ta
(Subadult, Tib ant mid)
St. Marianna University, Japan
Ancient sika deer (Cervus praenipponicus) 2 Cervus91Fp (Adult, Fem post mid), Cervus92Ta
(Adult, Tib ant mid)
Tohoku University, Japan
Large size Artiodactyla
Yabe’s giant deer (Sinomegaceros yabei) 2 Sinomegaceros01M (Adult, Mand basal cortex),
Sinomegaceros02Ra (Adult, Rad ant mid)
Tohoku University (01),
St. Marianna University (02)
Cow (Bos taurus) 4 Bos01Ha (Young, Hum ant mid), Bos04Ha (Subadult, Hum ant mid),
Bos01Ra (Young, Rad ant mid), Bos02Fa (Adult, Fem ant mid),
Bos03Fa (Subadult, Fem ant mid)
St. Marianna University, Japan
Bison (Bison bison) 1 Bison01Fp (Adult, Fem post mid) St. Marianna University, Japan
Lagomorpha
Hare (Leporidae gen. et sp. indet.) 2 Leporidae01Fa (Adult, Fem ant mid), Leporidae01Fp
(Adult, Fem post mid)
St. Marianna University, Japan
Small-medium size Carnivora
Japanese marten (Martes melampus) 1 Martes01Ha (Adult, Hum ant mid) St. Marianna University, Japan
Red fox (Vulpes vulpes) 1 Vulpes01M (Adult, Mand basal cortex) St. Marianna University, Japan
Raccoon dog (Nyctereutes procyonoides) 2 Nyctereutes01Fa (Adult, Fem ant mid), Nyctereutes01Fp
(Adult, Fem post mid)
St. Marianna University, Japan
Dog (Canis lupus) 2 Canis01Fa (Adult, Fem ant mid), Canis01Ta (Adult, Tib ant mid) St. Marianna University, Japan
Leopard (Panthera pardus) 1 Panthera01Fa (Subadult, Fem ant mid) Tohoku University, Japan
Large size Carnivora
Brown bear (Ursus arctos) 4 Ursus01Ha (Adult, Hum ant mid), Ursus01Ra (Adult, Rad ant mid),
Ursus01Fa (Adult, Fem ant mid), Ursus01Ta (Adult, Tib ant mid)
St. Marianna University, Japan
Proboscidea
Asian elephant (Elephas maximus) 1 Elephas01Fp (Young, Fem post mid) Tohoku University, Japan
Naumann’s elephant (Palaeoloxodon cf. naumanni) 1 Palaeoloxodon01Tp (Subadult-adult, Tib post mid) St. Marianna University, Japan
Fossil elephant (Elephantidae gen. et sp. indet.) 1 Elephantidae01Fa (Young, Fem ant mid) Hanamaki Cultural Center, Japan
Primates
Human (Homo sapiens) 7 Homo01Ha (Adult, Hum ant mid), Homo03Ha (Adult, Hum ant mid),
Homo01Fa (Adult, Fem ant mid), Homo02Fa (Adult, Fem ant mid),
Homo04Fa (Adult, Fem ant mid), Homo05Fa (Young, Fem ant mid),
Homo06Fa (Young, Fem ant mid)
Tohoku University, Japan
Hum, Rad, Fem, Tib, Mand, ant, post, and mid stand for Humerus, Radius, Femur, Tibia, Mandible, anterior, posterior, and midshaft, respectively.
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mini, Apple) using the public-domain ImageJ software (U.S. Na-
tional Institutes of Health, available at http://rsbweb.nih.gov/ij/
index.html).
Bone histomorphometry was performed over the entire areas of
the Kashiwadai 1 samples. In animal specimens for comparison, a
circular area of compact bone whose diameter was a midsagittal
line segment from the outer to inner surfaces of bone cortex of an
anterior or posterior part of a limb midshaft was established as the
measurement ﬁeld (Fig. 3). Trabeculae of cancelous bone were not
included in the area of histomorphometry, pursuant to the methodFig. 3. Schematic illustration of measurement ﬁeld (gray area) and Cortical width
(Ct.Wi, solid line) for a limb midshaft.of Sawada et al. (2004). Cortical width, osteon counts, osteon
population density, osteon area, Haversian canal area, and percent
osteonal bone were generally used as histomorphometrical vari-
ables of compact bone (Ericksen, 1991; Kerley, 1965; Pfeiffer et al.,
2006; Thompson, 1979). Yet, osteon counts, osteon population
density, and percent osteonal bonedthe measurement of which is
conditioned to the good state of preservation of the entire mea-
surement ﬁelddcould not be adopted in the present study, because
the preservation of bone structures of the Kashiwadai 1 samples
was poor. The area of the Haversian canal, which is a useful dis-
tinguishing factor between human and nonhuman bones (Greenlee
and Dunnell, 2010), was also excluded as a variable, since its out-
lines in the Kashiwadai 1 samples were not clear due to soil de-
posits. Therefore, the cortical width (Ct.Wi) and osteon area (On.Ar)
were measured. The terminology of primary measurements (width
and area) used here is basically the same as those of Parﬁtt et al.
(1987). All data of the Kashiwadai 1 samples and comparison
specimens were collected by one of the authors (J.S.).
2.4.1. Cortical width (Ct.Wi)
This is the thickness (mm) of the cortical bone. In comparative
mammal specimens, Ct.Wi was equal to the diameter of the circle of
the measurement ﬁeld shown in Fig. 3.
2.4.2. Osteon area (On.Ar)
This is the mean area (mm2) of the complete secondary osteons.
To eliminate irregular-shaped and obliquely cut osteons, those in
J. Sawada et al. / Journal of Archaeological Science 46 (2014) 270e280274which the maximum diameter was greater than twice the mini-
mum diameter were excluded, according to the method of Pfeiffer
(1998).2.5. Estimation of histomorphometric values of the Kashiwadai 1
samples before burning
All the Kashiwadai 1 bones had been burned until white.
Generally, bone is known to shrink by burning (Fairgrieve, 2008;
Thompson, 2005). Nelson (1992) reported that osteon diameter in
well-burned bones decreased by an average of 16.7%. Considering
this result, in the present study, we assumed that the linear
shrinkage ratio of the microstructure of the Kashiwadai 1 burned
bones was 17%.
On the basis of this shrinkage ratio, histomorphometric values
before burning were estimated from the following formulas:
Estimated value of Ct:Wi before burning ðmmÞ
¼ Actual measured value of Ct:Wi ðmmÞ ð1 0:17Þ=
Estimated value of On:Ar before burning

mm2

¼ Actual measured value of On:Ar

mm2
.
ð1 0:17Þ22.6. Statistical analyses
The differences between the means of On.Ar of the Kashiwadai
1 samples and those of the animal specimens for comparison were
statistically tested. Since equality of variance was not assumed for
On.Ar, the GameseHowell test was used for pairwise comparisons
among data from the Kashiwadai 1 and comparison specimens (cf.
Tabachnick and Fidell, 2001). Statistical analyses were conducted
with the SPSS software package for Macintosh, version 19.0.0
(IBM).3. Results
3.1. Histomorphological observations of Kashiwadai 1 samples
The bone structures of eight samples from the Kashiwadai 1 site
(Sample IDs: KD1-4-11, KD1-9-8, KD1-9-11, KD1-10-2, KD1-10-7,
KD1-11-3, KD1-13-7, and KD1-13-8) were observed under a
polarized light microscope. Compact bones of limb cortex,
including osteon and/or plexiform bone, could be recognized in the
Kashiwadai 1 samples, although those original periosteal and
endocortical surfaces had fallen. Four of the eight samples con-
sisted mainly of secondary osteons (KD1-4-11, KD1-9-8, KD1-10-2,
KD1-11-3); the secondary osteons of these samples were densely
distributed and indicated active bone turnover, and linear organi-
zation of osteons (i.e., “osteon banding”; Mulhern and Ubelaker,
2001) was observed in KD1-9-8. Two samples (KD1-10-7 and
KD1-13-8) consisted of plexiform bone. The other two samples
(KD1-9-11 and KD1-13-7) were composed of secondary osteons
and plexiform bone (Fig. 4, Table 3). Outer and inner circumferen-
tial lamellae were also observed in KD1-4-11 and KD1-9-8.
The osteons of the Kashiwadai 1 samples were visible to some
extent under a polarized light microscope but were unclear under
ordinary light microscopy. Unclear microstructures visible under an
ordinary light microscope indicated a relatively high temperature
of the burning bones (Hanson and Cain, 2007). The outlines of the
Haversian canals of the Kashiwadai 1 samples were not clear due to
soil deposits. No primary osteon or woven bone were noted.3.2. Histomorphological observations of specimens for comparison
The compact bones of artiodactyls (e.g., sika deer, ancient sika
deer, Yabe’s giant deer, cow, and bison) and raccoon dog were
composed of secondary osteons and plexiform bone. The secondary
osteons were concentrated in the posterior cortex of the femur and
basal cortex of the mandible; plexiform bone was mainly observed
in the anterior cortex of the femur. The cortices of the other limb
bones consisted of combinations of the secondary osteons and
plexiform bone (Table 4). Osteons in or near plexiform bone were
located alongside vascular canals of plexiform bone, while such
linear organization of osteons was not observed in the osteon-
concentrated osteon areas.
The compact bones of limb and mandibles of the Japanese
marten, red fox, dog, leopard, brown bear, elephants, and humans
consisted of secondary osteons and outer and inner circumferential
lamellae (Fig. 4, Table 4). Linear organization of osteons and plex-
iform bone were not observed in these mammals. The compact
bones of limb of hare consisted of primary osteons.
Naumann’s elephant, fossil elephant, and Yabe’s giant deer had
rather large secondary osteons; however, their histological images
were blurred, since the fossil bone structures of these Pleistocene
mammals were damaged by diagenetic alteration.
3.3. Bone histomorphometry
The estimated pre-burning Ct.Wi values of the Kashiwadai 1
samples were 2.4e3.7 mm (Table 3). The original surfaces of the
Kashiwadai 1 samples had fallen, so the original Ct.Wi would be
about 1 mm thicker than 2.4e3.7 mm.
The Ct.Wi values of the specimens for comparison were 1.0e
1.2 mm, 1.0e2.9 mm, 2.6e4.6 mm, 3.9e5.5 mm, 5.4e6.8, and 6.1e
13.8 mm in hare, small- to medium-sized carnivores, medium-
sized deer, adult human, brown bear, and large-sized artiodactyls
and elephants, respectively (Table 4).
The actual measured On.Ar values of the Kashiwadai 1 samples
were ca. 7500e11,000 mm2; thus the estimated On.Ar values before
burning were ca. 10,000e16,000 mm2 (Table 3).
The histomorphometric data of animal specimens for compari-
son fell within certain ranges for each species. Mean On.Ar were
largest in elephants, followed by Yabe’s giant deer, human, cow, red
fox, brown bear, and bison (more than 63,000, ca. 40,000, ca.
31,000e49,000, ca. 28,000e43,000, ca. 33,000, ca. 22,000e30,000,
ca. 24,000 mm2, respectively). Those of sika deer, ancient sika deer,
and small- to medium-sized carnivores (e.g., Japanese marten,
raccoon dog, and dog) (ca. 12,000e23,000, ca. 15,000e24,000, ca.
12,000e22,000 mm2, respectively) were relatively small (Table 4).
The estimated pre-burning On.Ar values of the Kashiwadai 1
samples were signiﬁcantly smaller than those of Yabe’s giant deer,
cow, bison, brown bear, elephant, and human and of comparable
size to those of medium-sized deer (sika deer, ancient sika deer)
and small- tomedium-sized carnivores (Tables 3 and 4). Therewere
no statistically signiﬁcant differences (p < 0.05) by the Gamese
Howell test for pairwise comparisons between the On.Ar values of
the Kashiwadai 1 samples and several specimens of sika deer and
small- to medium-sized carnivores (Table 5).
4. Discussion
4.1. Methodological adequacy of histomorphological species
identiﬁcation
The presence versus absence of plexiform bone and linear or-
ganization of osteons (e.g., osteon banding) are known qualitative
differences between mammalian bones. Linear organization of
Fig. 4. Polarized images of bone microstructures of the Kashiwadai 1 samples (1e3) and comparison specimens (4e15): 1 KD1-4-11 osteons, 2 KD1-9-8 osteons, 3 KD1-10-7
plexiform bone, 4 Sika deer femur osteons, 5 Ancient sika deer tibia osteons, 6 Sika deer femur plexiform bone, 7 Yabe’s giant deer mandible osteons, 8 Cow femur osteons, 9
Bison femur plexiform bone, 10 Brown beer humerus osteons, 11 Raccoon dog femur osteons, 12 Raccoon dog femur plexiform bone, 13 Hare femur primary osteons, 14 Naumann’s
elephant tibia osteons, 15 Human femur osteons.
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is useful in distinguishing between human and nonhuman bones
(Mulhern and Ubelaker, 2001). Plexiform bone is observed in car-
nivores and is especially developed in artiodactyls and perisso-
dactyls (Enlow and Brown, 1958; Mori et al., 2003; Mulhern and
Ubelaker, 2012). Several artiodactyls and carnivores lived in the
Japanese Archipelago during the Pleistocene (not including peris-
sodactyls; Kawamura, 1991, 2007). In the comparison specimens of
the present study, plexiform bone was observed in artiodactyls
(e.g., sika deer, Yabe’s giant deer, cow, and bison) and small- to
medium-sized carnivores such as raccoon dog; however, other
mammals had no plexiform bone (Fig. 4, Table 4). These results
indicate that the presence of plexiform bone is an efﬁcient identi-
ﬁer of artiodactyls and small- to medium-sized carnivores in the
Japanese Archipelago.Values of On.Ar were partially available for histomorpho-
metrical distinction of animal species. On.Ar values appreciably
differed between medium-sized deer, large-sized artiodactyls,
elephant, and human, although those of medium-sized deer and
small- to medium-sized carnivores were comparable (Table 4). The
possibility of discrimination between human and domestic animals
(e.g., dog, swine, and horse) on the basis of osteon size has been
previously indicated (Harsányi, 1993). The present results indicated
that this method is to some extent also applicable in the species
identiﬁcation of wild mammals in the Japanese Archipelago.
It is necessary to note how these histomorphometric variables
differ among various populations and individuals of the same
species. Many previous studies on this issue have involved human
bone histomorphometry and animal experiments. Several studies
have shown that osteons and Haversian canal sizes were affected by
Table 4
Cortical width (Ct.Wi) and osteon area (On.Ar) of the specimens for comparison.
Taxon Sample ID Ct.Wi (mm) On.Ar ( mm2) Tissue
N Mean SD
Medium size Artiodactyla
Sika deer (Cervus nippon) Cervus02Ha 3.9 51 19,076.6 6231.2 Secondary osteons, plexiform bone
Sika deer (Cervus nippon) Cervus03Ha 4.2 30 20,618.6 7048.2 Secondary osteons, plexiform bone
Sika deer (Cervus nippon) Cervus01Ra 2.8 49 12,144.2 4344.5 Secondary osteons
Sika deer (Cervus nippon) Cervus01Fa 3.6 e e e Plexiform bone
Sika deer (Cervus nippon) Cervus05Fa 2.6 e e e Plexiform bone
Sika deer (Cervus nippon) Cervus01Fp 3.2 39 17,965.2 8821.4 Secondary osteons
Sika deer (Cervus nippon) Cervus03Fp 4.1 48 22,522.9 9747.8 Secondary osteons
Sika deer (Cervus nippon) Cervus01Ta 4.3 66 12,920 4108.6 Secondary osteons, plexiform bone
Sika deer (Cervus nippon) Cervus04Ta 3.9 e e e Plexiform bone
Ancient sika deer (Cervus praenipponicus) Cervus91Fp 3.1 37 23,922.7 12,581.7 Secondary osteons
Ancient sika deer (Cervus praenipponicus) Cervus92Ta 4.6 117 15,037.8 5323.6 Secondary osteons
Large size Artiodactyla
Yabe’s giant deer (Sinomegaceros yabei) Sinomegaceros01M 8.1 24 40,086.5 15,739.3 Secondary osteons
Yabe’s giant deer (Sinomegaceros cf. yabei) Sinomegaceros02Ra 6.1 e e e Plexiform bone
Cow (Bos taurus) Bos01Ha 3.9 e e e Plexiform bone
Cow (Bos taurus) Bos04Ha 7.3 71 43,209.7 14,662.3 Secondary osteons
Cow (Bos taurus) Bos01Ra 3.9 13 29,406.6 7064 Plexiform bone
Cow (Bos taurus) Bos02Fa 13.1 25 31,532.4 10,001.6 Secondary osteons
Cow (Bos taurus) Bos03Fa 9.2 16 28,061.3 10,802 Secondary osteons
Bison (Bison bison) Bison01Fp 6.7 88 24,199.5 9750.9 Secondary osteons
Lagomorpha
Hare (Leporidae gen. et sp. indet.) Leporidae01Fa 1.2 e e e Primary osteons
Hare (Leporidae gen. et sp. indet.) Leporidae01Fp 1.0 e e e Primary osteons
Small-medium size Carnivora
Japanese marten (Martes melampus) Martes01Ha 1.0 10 11,766.2 4550.1 Secondary osteons
Red fox (Vulpes vulpes) Vulpes01M 1.8 21 32,937.9 10,748.3 Secondary osteons
Raccoon dog (Nyctereutes procyonoides) Nyctereutes01Fa 1.4 e e e Plexiform bone
Raccoon dog (Nyctereutes procyonoides) Nyctereutes01Fp 1.5 13 22,022.3 11,545.9 Secondary osteons
Dog (Canis lupus) Canis01Fa 1.9 26 12,789.2 5187.9 Secondary osteons
Dog (Canis lupus) Canis01Ta 2.7 65 15,291.4 4916 Secondary osteons
Leopard (Panthera pardus) Panthera01Fa 2.9 26 29,351.5 20,450.5 Secondary osteons
Large size Carnivora
Brown bear (Ursus arctos) Ursus01Ha 5.4 114 26,356.1 11,206.4 Secondary osteons
Brown bear (Ursus arctos) Ursus01Ra 5.8 109 29,614.9 11,581.4 Secondary osteons
Brown bear (Ursus arctos) Ursus01Fa 5.6 131 22,203.2 8273.8 Secondary osteons
Brown bear (Ursus arctos) Ursus01Ta 6.8 138 22,496.6 8158.6 Secondary osteons
Proboscidea
Asian elephant (Elephas maximus) Elephas01Fp 7.9 52 63,151.7 14,746.6 Secondary osteons
Naumann’s elephant (Palaeoloxodon cf. naumanni) Palaeoloxodon01Tp 13.8 18 224,893.3 118,687.7 Secondary osteons
Fossil elephant (Elephantidae gen. et sp. indet.) Elephantidae01Fa 10.7 10 175,852 74,829.9 Secondary osteons
Primates
Human (Homo sapiens) Homo01Ha 4.4 31 31,978.8 15,117.9 Secondary osteons
Human (Homo sapiens) Homo03Ha 3.9 39 31,463.8 10,540.8 Secondary osteons
Human (Homo sapiens) Homo01Fa 4.6 54 41,846.8 15,999.8 Secondary osteons
Human (Homo sapiens) Homo02Fa 5.5 55 33,931.6 12,228.2 Secondary osteons
Human (Homo sapiens) Homo04Fa 4.1 46 35,774.2 11,193.3 Secondary osteons
Human (Homo sapiens) Homo05Fa 2.3 22 36,560.1 12,066.7 Secondary osteons
Human (Homo sapiens) Homo06Fa 2.3 26 49,038.7 22,959.9 Secondary osteons
Table 3
Cortical width (Ct.Wi) and osteon area (On.Ar) of the Kashiwadai 1 samples.
Sample ID Ct.Wi (mm) On.Ar (mm2) Tissue
Actual measured
value
Estimate value
before burning
N Actual measured value Estimated value before
burning
Mean SD Mean SD
KD1-4-11 3.1e3.3? 3.7e4.0? 55 11,017.4 3677.2 15,992.8 5337.7 Secondary osteons
KD1-9-8 2.1< 2.5< 110 7536.2 2696.6 10,939.4 3914.4 Secondary osteons
KD1-9-11 2.5< 3< 42 8280.7 3026.9 12,020.2 4393.8 Secondary osteons,
plexiform bone
KD1-10-2 2.4< 2.9< 19 9424.5 3763.8 13,680.5 5463.5 Secondary osteons
KD1-10-7 2.8< 3.4< e e e e e Plexiform bone
KD1-11-3 2.4< 2.9< 9 8770.3 2909.1 12,730.9 4222.9 Secondary osteons
KD1-13-7 2.6< 3.1< 32 7044.6 3039.1 10,225.9 4411.5 Secondary osteons,
plexiform bone
KD1-13-8 2.0< 2.4< e e e e e Plexiform bone
Estimated value of Ct.Wi before burning (mm) ¼ Actual measured value of Ct.Wi (mm)/(1  0.17).
Estimated value of On.Ar before burning (mm2) ¼ Actual measured value of On.Ar (mm2)/(1  0.17)2.
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Table 5
P values (by GameseHowell test) for pairwise comparisons between the On.Ar values of the Kashiwadai 1 samples (estimated values before burning) and those of comparison
specimens.
Taxon Sample ID KD1-4-11 KD1-9-8 KD1-9-11 KD1-10-2 KD1-11-3 KD1-13-7
Sika deer (Cervus nippon) Cervus02Ha ns <0.001 <0.001 ns ns <0.001
Sika deer (Cervus nippon) Cervus03Ha ns <0.001 <0.001 ns ns <0.001
Sika deer (Cervus nippon) Cervus01Ra 0.044 ns ns ns ns ns
Sika deer (Cervus nippon) Cervus01Fp ns 0.009 ns ns ns 0.006
Sika deer (Cervus nippon) Cervus03Fp 0.041 <0.001 <0.001 0.009 0.013 <0.001
Sika deer (Cervus nippon) Cervus01Ta ns ns ns ns ns ns
Ancient sika deer (Cervus praenipponicus) Cervus91Fp ns <0.001 0.001 0.036 0.025 <0.001
Ancient sika deer (Cervus praenipponicus) Cervus92Ta ns <0.001 ns ns ns 0.001
Yabe’s giant deer (Sinomegaceros cf. yabei) Sinomegaceros01M <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cow (Bos taurus) Bos04Ha <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cow (Bos taurus) Bos01Ra 0.003 <0.001 <0.001 <0.001 <0.001 <0.001
Cow (Bos taurus) Bos02Fa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cow (Bos taurus) Bos03Fa ns 0.003 0.006 0.024 0.016 0.002
Bison (Bison bison) Bison01Fp <0.001 <0.001 <0.001 <0.001 0.001 <0.001
Japanese marten (Martes melampus) Martes01Ha <0.001 <0.001 <0.001 <0.001 0.008 <0.001
Red fox (Vulpes vulpes) Vulpes01M <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Raccoon dog (Nyctereutes procyonoides) Nyctereutes01Fp ns ns ns ns ns ns
Dog (Canis lupus) Canis01Fa ns ns ns ns ns ns
Dog (Canis lupus) Canis01Ta ns <0.001 ns ns ns 0.002
Leopard (Panthera pardus) Panthera01Fa ns ns ns ns ns ns
Brown bear (Ursus arctos) Ursus01Ha ns 0.033 ns ns ns 0.024
Brown bear (Ursus arctos) Ursus01Ra <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Brown bear (Ursus arctos) Ursus01Fa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Brown bear (Ursus arctos) Ursus01Ta <0.001 <0.001 <0.001 0.001 0.01 <0.001
Asian elephant (Elephas maximus) Elephas01Fp <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Naumann’s elephant (Palaeoloxodon cf. naumanni) Palaeoloxodon01Tp <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Fossil elephant (Elephantidae gen. et sp. indet.) Elephantidae01Fa 0.01 0.008 0.009 0.009 0.009 0.008
Human (Homo sapiens) Homo01Ha 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Human (Homo sapiens) Homo03Ha <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Human (Homo sapiens) Homo01Fa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Human (Homo sapiens) Homo02Fa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Human (Homo sapiens) Homo04Fa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Human (Homo sapiens) Homo05Fa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Human (Homo sapiens) Homo06Fa <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Kasshiwadai 1 sample KD1-9-8 <0.001
Kasshiwadai 1 sample KD1-9-11 ns ns
Kasshiwadai 1 sample KD1-10-2 ns ns ns
Kasshiwadai 1 sample KD1-11-3 ns ns ns ns
Kasshiwadai 1 sample KD1-13-7 <0.001 ns ns ns ns
ns stands for nonsigniﬁcant (p > 0.05).
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variation (Burr et al., 1990; Jowsey,1966; Lieberman,1997; Mulhern
and Van Gerven, 1997; Pfeiffer, 1998; Robling and Stout, 2000;
Singh and Gunberg, 1970). Pfeiffer (2000) compiled data about
osteon sizes of human femurs of various populations reported in
previous research: The On.Ar values were ca. 35,000e47,000 mm2
(Table 10.2 of Pfeiffer (2000)). These ﬁgures were roughly in
accordance with the On.Ar values of human limb bone in the pre-
sent study (On.Ar values of ca. 31,000e49,000 mm2, Table 4). Thus,
the osteon sizes of human limb bones fall within a certain range,
regardless of age, sex, population, and period. Though not larger
than those of the human data set, the osteon sizes of nonhuman
bones also fell within a speciﬁed range by species (Dittmann et al.,
2006; Harsányi, 1993; Mulhern and Ubelaker, 2012). These ﬁndings
indicate that intraspecies variations in osteon sizes impact histo-
morphometric species identiﬁcation less severely when interspe-
cies differences in osteon sizes are sufﬁciently large.
Values of Ct.Wi differed among species of different body sizes
(Table 4). Unlike On.Ar values, the Ct.Wi values of medium-sized
deer differed from those of small- to medium-sized carnivores. To
summarize the above results, consideration of the presence versus
absence of plexiform bone and quantitative assessments of osteon
size and bone cortical thickness are appropriate for the distinction
between medium-sized deer, large-sized artiodactyls, small- to
medium-sized carnivores, large-sized carnivores, elephant, andhuman, although more speciﬁc species identiﬁcation may be
difﬁcult.
4.2. Species identiﬁcation of the Kashiwadai 1 samples
Secondary osteons were recognized in six samples from the
Kashiwadai 1 site. The On.Ar values of these six samples (estimated
values before burning) were convergent within a small range
(maximum: 15,992.8 mm2, KD1-4-11; minimum: 10,225.9 mm2,
KD1-13-7; Table 3). This indicates the likelihood that the Kashi-
wadai 1 samples originated in a single animal species or several
mammal species with similar osteon sizes.
The presence of plexiform bone in the Kashiwadai 1 samples
strongly suggests the presence of artiodactyl bones. The Ct.Wi
values of the Kashiwadai 1 samples were more than 2.4e3.9 mm
thick (Table 3), so relatively small mammals (e.g., hare, Japanese
marten, raccoon dog, and red fox) were excluded as candidates. The
osteon sizes of the Kashiwadai 1 samples were similar to those of
medium-sized artiodactyls (i.e., sika deer and ancient sika deer)
and small- to medium-sized carnivores (i.e., raccoon dog and dog;
Fig. 5, Table 4). Those values were clearly different from those of
large-sized mammals (i.e., Yabe’s giant deer, cow, brown bear,
elephant, and human; Table 5).
Taken together, the histomorphological ﬁndings on sika deer
and ancient sika deer (both of genus Cervus) met all the conditions
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Fig. 5. Mean ranges of On.Ar and Ct.Wi of the Kashiwadai 1 samples and comparison
specimens. Histomorphometric data were based on Tables 3 and 4. Dotted lines of the
Kashiwadai 1 samples show estimated ranges of Ct.Wi (actual measured
values þ 1 mm, because the original surfaces of the Kashiwadai 1 samples had fallen).
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medium-sized deer is similar to that of other medium-sized ar-
tiodactyls (e.g., boar, serow, and goat; Dittmann et al., 2006;
Mulhern and Ubelaker, 2012; Sawada et al., 2010); however,
among the possible fauna of Late Pleistocene Hokkaido, medium-
sized artiodactyls only come from the genus Cervus (Kawamura,
1991, 2007). Therefore, there is a high probability that the Kashi-
wadai 1 samples include sika deer or an ancestral species of sika
deer.
The Kashiwadai 1 samplesmight also include small- tomedium-
sized carnivores such as dog, because the histomorphological
properties of the Kashiwadai 1 samples slightly conformed to these
mammals. On the other hand, the Kashiwadai 1 samples did not
include large-sized artiodactyls, hares, Japanese marten, brown
bears, elephants, or humans (Table 6).Table 6
Conformity of samples from comparison mammals to the Kashiwadai 1 samples.
Plexiform
bone
Ct.Wi On.Ar
Medium size Artiodactyla
Sika deer (Cervus nippon) þ þ þ
Ancient sika deer (Cervus praenipponicus) þ þ 
Large size Artiodactyla
Yabe’s giant deer (Sinomegaceros yabei) þ  
Cow (Bos taurus) þ  
Bison (Bison bison) þ  
Lagomorpha
Hare (Leporidae gen. et sp. indet.)   
Small-medium size Carnivora
Japanese marten (Martes melampus)   
Red fox (Vulpes vulpes)   
Raccoon dog (Nyctereutes procyonoides) þ  þ
Dog (Canis lupus)  þ þ
Leopard (Panthera pardus)  þ þ
Large size Carnivora
Brown bear (Ursus arctos)   
Proboscidea
Asian elephant (Elephas maximus)   
Naumann’s elephant (Palaeoloxodon cf. naumanni)   
Primates
Human (Homo sapiens)   
þ: conform to the Kashiwadai 1 samples, : not conform, : slightly conform.4.3. Game animal groups in the Late Pleistocene Japanese
Archipelago
The occupation duration of the Kashiwadai 1 site would have
been extensive, considering that this site yielded over ten ﬁreplaces
and a lot of ﬂaking debris from stone tool manufacture, suggesting
that the Kashiwadai 1 people could make good use of the local
fauna. The Late Pleistocene fauna of Hokkaido included not only
medium-sized mammals but also large-sized mammals, such as
elephants and bison (Kawamura, 1991, 2007); yet, the Kashiwadai 1
samples included no such large mammals. Two different in-
terpretations are possible: one is that the large-sized mammals
were undergoing a process of extinction (Iwase et al., 2011;
Kawamura, 1991, 2007) and that their numbers had decreased;
the other is that the people at Kashiwadai 1 hunted medium-sized
deer in particular while large-sized mammals freely inhabited the
areas around the site. To decide which hypothesis is correct, it
would be necessary to reveal chronological data regarding extinc-
tion events of large-sized mammals in Hokkaido. Iwase et al. (2011)
compiled radiocarbon dates of the large-sized mammal fossils of
the Late Pleistocene from the Japanese Archipelago to clarify the
megafaunal extinction events that occurred during this period;
Iwase et al. described that “the Mammoth Fauna” (which was a Late
Pleistocene animal group, including mammoth and bison, that
ﬂourished in northern Eurasia and North America during the Late
Pleistocene [Kawamura, 2007]) of the northern Japanese Archi-
pelago survived to at least ca. 18 kyBP. However, since there are few
radiocarbon dates of Hokkaido mammal fossils from 20 to 10 kyBP
(Inada, 1989; Iwase et al., 2011; Kawamura, 1991, 2007), it is still
difﬁcult to resolve this issue.
In either case, all of the Kashiwadai samples from ﬁve different
ﬁreplaces appear identical to genus Cervus. A probable conclusion
of the present study is that medium-sized deer was the primary
game hunted by Paleolithic people at the Kashiwadai 1 site. The
predominant species of fauna of the Nojiriko-Tategahana (ca. 54
(?)e38 kyBP) and Hanaizumi (ca. 20 kyBP) sitesdwhich have al-
ways been famous as Paleolithic sites with many animal remains
(Inada, 1989; Matsumoto et al., 1959; Nojiri-ko Excavation Research
Group, 1994)dwere Naumann’s elephant (Nojiriko-Tategahana)
and bovine (Hanaizumi). Therefore, some previous researchers
have noted that Paleolithic hunting in the Japanese Archipelago had
big-game-oriented characteristics (Nojiri-ko Excavation Research
Group, 1997; Ohtaishi, 1990). However, the recent excavation
research of the Shitsukari-Abe cave site (ca. 20 kyBP) showed evi-
dence of hunting for hares (Abe et al., 2011; Sawaura, 2012;
Sawaura and Sato, 2010). The present study of the Kashiwadai 1
animal remains and the discovery at the Shitsukari-Abe cave site
suggest that some Upper Paleolithic people in the northern Japa-
nese Archipelago had hunting strategies for medium-sized game,
but for not only large-sized mammals.
One possibility in terms of medium-sized animal hunting in the
Upper Paleolithic Japanese Archipelago was indicated by studies of
stone tools and trap pits (Inada, 1998; Sato, 2012). Our results on
the basis of faunal evidence are consistent with this view. Since few
research examples of telltale remains still exist, further excavations
and studies of the Upper Paleolithic animal remains are required.
Under conditions not suitable for the preservation of osseous re-
mains, histomorphology would be highly effective to resolve this
issue.
5. Conclusions
1) Bone histomorphological methods are applicable for species
identiﬁcation of Late Pleistocene mammals in the northern
Japanese Archipelago. Comprehensive consideration of the
J. Sawada et al. / Journal of Archaeological Science 46 (2014) 270e280 279presence versus absence of plexiform bone and quantitative
assessments of osteon size and bone cortical thickness allow for
a distinction between medium-sized deer, large-sized artio-
dactyls, small- to medium-sized carnivores, large-sized carni-
vores, elephants, and humans.
2) The histomorphological characteristics of the Kashiwadai 1
bone samples were quite similar to those of both sika deer and
ancient sika deer. In addition to sika deer, small- to medium-
sized carnivores might also be present. On the other hand,
there was no evidence of elephants or large-sized artiodactyls
that were predominant species in other Paleolithic sites of the
Japanese Archipelago.
3) Medium-sized deer would have been the primary game animal
of the Kashiwadai 1 people. This is the ﬁrst evidence of human
hunting medium-sized animals in the Upper Paleolithic of the
Japanese Archipelago based on faunal remains.
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